Abstract. The highly oriented pyrolytic gmphite (HOPG) targets were irradiated with 70-120 J/cm 2 of pulsed ion beams. The deposited energy by the ablation plasma onto the target was 0.8 J with 100 J/cm 2 of the ion beam irradiation. The fast heating and fast quenching effects occurred on the target surfaces, and these effects can be enhanced at the higher energy density of beam irmdiation. In the SEM analysis, sphere particles and whiskers which approximately 1 Ilm in diameter were observed on the irradiated surface. These whiskers may have been grown under the hydraulic pressure by the ablation plasma radiation.
INTRODUCTION
When irradiates a pulsed ion beam to the target material, due to strong interaction with matter, ions can travel a very short distance in solid material. This distance is called range. Large amount of the ion beam energy is deposited in a very thin layer, whose thickness is comparable to the range. For instance, the range is only -13 � in carbon for the proton with the energy of 1 MeV.
With this fast energy deposition, the heated surface layer immediately turns into high-density ablation plasma. In our previous works, we have studied the kinetics of the ablation plasma by the ion beam irradiated aluminum targets experiment [1, 2] . By the pressure and the temperature caused by the ablation plasma, we can expect the surface modification of the target materials.
Furthermore, from these works, we have found that the pressure and the temperature are enhance " d at the high energy density. Therefore, we can control pressure and temperature in the targets by changing the ion beam energy density on the target surface.
Carbon remains the major thermodynamically stable such as graphite, diamond, liquid and vapor phases. For example, in the phase diagram of carbon, triple point of graphite / diamond / liquid phase exists at -12 GPa and -5000 K. Not only synthesis of bulk samples, but also modification of bulk surface of carbon have been performed by shock synthesis [3] , ion implantation [4] and pulsed laser irradiation [5, 6] . As mentioned before, irradiation of target by pulsed ion beam also increases temperature and pressure in the vicinity of target surface. It is expected that surface modification of carbon targets by pulsed ion beam irradiation may be possible. In this paper, we attempted the surface modification of graphite targets by the pulsed ion beam irradiation. The highly orientecl pyrolytic graphite (HOP G) targets were irradiated by the ion beams with energy density of 70-120 J/cm 2 • The morphology of the irradiated surface was observed by a scanning electron microscopy (SEM).
EXPERIMENTAL SET-UP
The ion-beam irradiation experiments were carried out with pulsed power generator, «ETIGO-II» [7] . Figure 1 ill1lstrates the outline of the experimental setup using a magnetically insulated ion beam diode (MID) [8] . The diode consisted of the anode (inner electrode) and the cathode (outer electrode). The concave-shaped anode had a flashboard (polyethylene) on its surface. The cathode had slits to extract the ion beam. In addition, the cathode Flashboard acted as a one-turned theta-pinch coil, where the current was supplied by an external power supply of a capacitor baru<. The curr ent in the cathode generated an insulating magnetic field in the gap between the cathode and the anode, by which the electrons emitted from the cathode were prevented from arriving at the anode. On the other hand, the ions (approximately 75 % proton) are accelerated toward the cathode and focused toward the geometric focusing point (dA-r=160 mm) through a vane structure cathode. The peak voltage of the diode was 1.1 MY. The pulse width was approximately 60 ns.
The diode and the target chambers were evacuated to 2 x 10 -4 Torr of pressure during the experiments. The ion-beam energy density was measured by a calorimeter at various distance between the anode and FIGURE 1. Experimental setup using a magnetically insulated ion-beam diode the target material (dAT). The maximum average energy density of -120 J/cm 2 was obtained at dAT= 150 mm, which is 10 mm closer than the geometric focal point due to a self magnetic field. The energy density is decreased at dAT> 150 mm.
The HOPG (Advanced Ceramics Corpora-tion, Grade ZYH) plates with thickness of 1 mm was used as the target. The physical properties of the HOPG are shown in Table. The HOPG targets are irradiated by the ion beams with energy density of 70 -120 J/cm 2 • The target is set parallel to the cathode, and dAT was changed at 150 and 180 mm. Only one shot is carried out for each sample. The morphology of the ablated surfaces is observed by a scanning electron microscope (lEOL, JSM-6700F). Figure 2 shows SEM images of the surface of (a) unirradiated, (b) irradiated HOPG targets and (c) the cross sectional view of the irradiated HOPG target. The irradiated sample was placed at dA-r=I50 mm, where the ion beams with -120 J/cm 2 of energy density were irradiated on the target The observed area was the center of the irradiated region on the target surface. From Figures 2b and 2c , the irradiated sample has many sphere particles and whiskers. The diameter of these particles was approximately 0.5 -111m. The growth mechanism of the metallic whisker from solids was studied by many scientists. Furuta et al. [9] studied the growth of Sn whiskers from a solid AI-Sn alloy. The whiskers were formed by growing a topmost grain in the strained alloy. Fisher [10] and Hasiguti [11] observed the growth of whiskers from solid Sn plated Zn samples. The growth rate was increased with increasing applied pressure by exerted in tightening the clamp. In the present experiment of the intense pulsed ion beam irradiation on the graphite target, carbon whiskers were observed to be present (Figure 2b) . Although, as far as the present authors know, no results have been reported on the growth of carbon whiskers from solid, it is likely that the growth of carbon whiskers will be enhanced by the hydraulic pressure. Hence, the presence of the carbon whiskers observed in Figure 2b on the pulsed ion beam irradiation on the graphite targets may give us an evidence of the generation of hydraulic pressure, which had been numerically predicted by the previous studies. 
SUMMARY
The surface modification of the highly oriented pyrolytic graphite (HOP G) targets have been carried out by the pulsed ion-beam irradiation. In the SEM analysis, sphere particles and whiskers which approximately 0.5-1 J..l m in diameter were observed on the irradiated surface. These whiskers may be grown under the hydraulic pressure by the ablation-plasma radiation. We have found the ablation plasma produced by the intense pulsed ion-beam irradiation can be used for the surface modification of the target materials.
